Introduction
The origins of bronchoscopy date back to 1897 when Gustav Killian, considered "the father of bronchoscopy", performed the first airway examination with a rigid esophagoscope to a farmer extracting a piece of bone that had lodged in the main stem bronchus. Shigeto Ikeda in 1964 revolutionized the field of bronchoscopy with the introduction of a flexible instrument that could be introduced to sub-segmental bronchi and allowed the extraction of samples for cytological examination. Endoscopy Machida Company Ltd and Olympus Optical Company Ltd in 1966 built the first prototype of a fiberoptic bronchoscope. Since its introduction in routine clinical practice in the decade of 60 has been improved, increasing its indications. 30 years ago, rigid bronchoscope was the main instrument for the direct examination of the tracheobronchial tree; and even today is considered the choice procedure in two emergencies, haemoptysis and removal of foreign bodies.
Currently, flexible fiberoptic bronchoscopy is an invasive procedure widely applied in pneumology, intensive care and thoracic surgery. It has become the procedure of choice in most examinations of the tracheobronchial tree and it is of significant help in the diagnosis and treatment of pulmonary pathology in critically ill patients. It is increasingly being used in intensive care units (ICU) because it is easy to perform at the bedside, thus avoiding potentially dangerous transfers out of the ICU, and few complications have been described with its use. The procedure revolutionized the management of respiratory diseases and in the critically ill patients is considered a safe procedure. In view of this, it is currently considered to be an essential piece of ICU equipment.
Although, by definition, critically ill patients are a priori more susceptible to developing complications during the procedure, mechanically ventilated patients, because their airway is secured, are paradoxically less at risk than when the procedure is performed on patients breathing spontaneously.
Actually flexible fiberoptic bronchoscopy is a common diagnostic and therapeutic tool for patients admitted in ICU. In the literature flexible fiberoptic bronchoscopy has been scarcely documented in critically ill patients. This chapter summarizes main indications, complications and requirements necessary to perform a bronchoscopy in mechanically ventilated patients.
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Procedure in mechanically ventilated patients
In mechanically ventilated patients bronchoscopy is performed through the endotracheal or tracheotomy tube by means of a specially adapted valve that facilitates the introduction of the bronchoscope into the airway without disconnection of mechanical ventilation. The adapter connects the endotracheal tube with the ventilator circuit and has a side port to allow entry of the bronchoscope into the endotracheal tube without disrupting the ongoing mechanical ventilation (figure 1).This valve allows continued ventilation and maintenance of PEEP during the technique.This is especially important in patients with adult respiratory distress syndrome. It has been studied that bronchoscope diameter plays an important role in airway flow obstruction in intubated patients.Without the orotracheal tube the bronchoscope only occupies 10% of the trachea. The internal diameter of the endotracheal tube influences the size of the bronchoscope.
In order to maintain the adequate minute volume and to minimize barotrauma it is recommended to use an endotracheal tube with a probe diameter of at least 2 mm larger than the bronchoscope diameter. An adult bronchoscope of 5.7 mm occupies 40% of the orotracheal lumen in a 9 mm endotracheal tube, which equals 51% and 66% of the lumen for 8 and 7 mm respectively. Use of a narrow bronchoscope may avoid the risk of barotrauma but has the disadvantage of less suction capacity through the bronchoscope channel.
Despite all these factors fiberoptic bronchoscopy is considered a safe procedure; patients admitted in the Intensive Care Unit should be considered at high risk from complications when undergoing fiberoptic bronchoscopy.Several recommendations must to be applied to guarantee the security of the technique and improve patient safety.
In mechanically ventilated patients several considerations (table 1) are recommended during the peribronchoscopy period to ensure the maintenance of adequate ventilation and oxygenation while minimizing the risk of barotrauma. Continuous physiological monitoring must be continued during and after the procedure. During the bronchoscopy exhaustive ventilator parameter monitoring is required to take care to maintain tidal volume and to control airway pressures. Continuous haemodynamic monitoring with heart rate, arterial pressure and oximetry is mandatory.
-Internal diameter of endotracheal tube at least 2 mm larger than bronchoscope diameter.
-Specially adapted valve, allowing minimal loss of tidal volume.
-Lubricate bronchoscope.
-Inspired fraction of oxygen of 1 prior to and during bronchoscopy.
-Short suction periods.
-Continuous haemodynamic monitoring: heart rate, blood pressure, respiratory rate.
-Continuous pulse oximeter during the procedure.
-Ventilator parameters monitoring: tidal volume, airway pressure.
-Sedation and sometimes muscle relaxation must to be considered.
-To interrupt enteral nutrition during procedure.
-Verbal and written consent form. Prior to and during fiberoptic bronchoscopy inspired fraction of oxygen (FiO 2 ) must be increased to 1 and following the procedure the FiO 2 will be adjusted according to the clinical situation of the patient. Pressure-control mode has demonstrated to deliver a greater baseline volume than volume-control mode in a lung model; careful readjustment of the inspiratory pressure level is necessary in Pressure-control mode to maximize exhaled tidal volume. Finally inspiratory pressure level must be reduced to pre-procedure values when the bronchoscope is removed. Effects of fiberoptic bronchoscopy on the respiratory function have been amply analyzed in patients with spontaneous breathing but in mechanically ventilated patients has been scarcely studied. Recently it was documented in a study to analyze the effects on respiratory mechanics of flexible bronchoscopy in mechanically ventilated patients. A transitory deterioration of pulmonary mechanics with a decrease of respiratory system compliance and an increase in airway resistance was observed in fifty mechanically ventilated patients after bronchoscopy with bronchoalveolar lavage (Estella,2010) .
Sedation and muscle relaxation may be necessary during the procedure to prevent barotrauma caused by airway irritation reflex and cough; although critically ill patients may be heavily sedated we recommend short-acting benzodiazepines.
Flexible bronchoscopy is an invasive procedure and therefore needs documented informed consent from the patient or legal representative if the patient lacks medical decision-making capacity.
Fiberoptic bronchoscopy indications in an Intensive Care Unit
Flexible fiberoptic bronchoscopy is an essential diagnostic and therapeutic tool for management of critically ill patients. The present chapter summarizes the indications of these procedures in the Intensive Care Unit; many indications require both diagnostic and therapeutic objectives simultaneously. It is currently a usual procedure in mechanically ventilated patients. Table 2 summarizes the indications of flexible bronchoscopy in this group of patients.
-Pneumonia diagnosis, mainly ventilator associated pneumonia or immunocompromised patients.
-Atelectasis, mainly caused by a central mucous plug.
-Haemoptysis.
-Bronchorrhea.
-Difficult airway management.
-Percutaneous tracheostomy control.
-Foreign bodies.
-Chest/airway trauma.
-Diffuse lung diseases.
-Acute inhalational injury.
-Others: assessment of glottic damage, insertion of double-lumen endotracheal tube. Table 2 . Indications for bronchoscopy in mechanically ventilated patients.
Pneumonia diagnosis in mechanically ventilated patients
The most frequent diagnostic indication of flexible bronchoscopy in mechanically ventilated patients is to collect samples for microbiological analysis in patients with suspected pneumonia.
Pneumonia is the most frequent nosocomial infection occurring in critically ill patients in the Intensive Care Unit and is associated with a high mortality rate, prolonged mechanical ventilation and intensive care unit stay. It is associated with a high cost due to extended hospital stay and a greater consumption of antimicrobial agents. It is necessary to distinguish three kinds of pneumonia in mechanically ventilated patients to analyze the role of flexible bronchoscopy: community acquired pneumonia, ventilator associated pneumonia and pneumonia in immunocompromised patients.
In Europe, only in half of patients with community acquired pneumonia requiring hospitalization etiological diagnosis is finally known (Woodhead M, 2002) . Streptococcus pneumoniae is the most frequent etiologic cause. In community acquired pneumonia invasive techniques are not usually indicated. It is recommended in cases with fulminant evolution or cases without adequate response to empirical antibiotics. In an analysis of the role of bronchoalveolar lavage in 96 mechanically ventilated patients the group with community acquired pneumonia had the lower diagnostic yield compared with ventilator associated pneumonia and immunocompromised patients . Our hypothesis is that recent www.intechopen.com introduction of antibiotics reduce the diagnostic yield of respiratory samples and empiric treatment is usually administered in a previous admission in the Intensive Care Unit.
Despite prior antibiotic therapy bronchoalveolar lavage is a useful diagnostic tool in immunocompromised patients. In ventilator associated pneumonia, in spite of the number of studies carried out, the diagnosis of pneumonia during mechanical ventilation is still disputed. Actually there are two diagnostic strategies: the "non-invasive" strategy, based on clinical criteria and a culture of secretions from upper airways (Heyland, 2006) , and the "invasive" strategy, based on the use of flexible bronchoscopy for microbiological diagnosis using quantitative cultures from samples obtained selectively from the affected area (Fagon,2000) . This particular strategy is recommended in the clinical guidelines of leading scientific societies for diagnosing ventilator-associated pneumonia like the American Thoracic Society, yet is one of the diagnostic methods least used in Europe, the tracheal aspirate was the most frequent diagnostic sample used in twenty-seven intensive care units of nine european countries (Koulenti,2009 ).
The strengths and weaknesses of the use of bronchoscopy comparing with the clinical strategy based in tracheal aspirate samples are shown in Table 3 . The explanations for the low use of fiberoptic bronchoscopy in Intensive Care Unit for pneumonia diagnosis are probably the lack of experienced personnel , procedure time spent compared with other samples like tracheal aspirate and the lack of a definitive well designed study that definitively define a gold standard for the diagnosis of pneumonia.
Advantages -Lower respiratory tract -Guided sample obtained.
-High specificity.
-Distinguish between infection and colonization.
Disadvantages
-Staff need training in bronchoscope use.
-Complications.
-Relative contraindications. Table 3 . Strengths and weaknesses of bronchoscopy for pneumonia diagnosis.
The year 2009 was characterized in worldwide Intensive Care Units by the Influenza A (H1N1)v pandemic. Initially bronchoscopy was not routinely recommended to obtain respiratory samples for the Influenza A (H1N1)v pneumonia due to critically ill patients presenting with severe hypoxemia and for the risk of generating aerosol. Interestingly bronchoalveolar lavage was described in a short series of patients as a useful diagnostic method in patients with false negatives obtained by upper airway respiratory samples (ANZIC influenza investigators,2009). Future studies are necessary for determining the role of bronchoscopy in the diagnosis of Influenza A (H1N1)v pneumonia. We proposed a diagnostic algorithm with the recommendation to perform bronchoscopic bronchoalveolar lavage in cases with a high clinical suspicion and negative microbiologic results of samples obtained from upper respiratory airway .
Atelectasis
Atelectasis and retention of secretions are common complications in critically ill patients. They usually present with excess airway secretions or inability to generate a cough.
Frequently it is due to postoperative state, prolonged mechanical ventilation or sedation. Atelectasis is one of the most frequent therapeutic indications for flexible fiberoptic bronchoscopy in the Intensive Care Unit. For this use the size of the bronchoscope is important as efficient suctioning requires a large bronchoscope with a wide suction channel. In adult mechanically ventilated patients paediatric bronchoscopes are not recommended for this indication.
But the effectiveness of bronchoscopy to resolve it is the subject of controversy. A systematic review of several publications (Kreider, 2003) finding important differences in the effectiveness of flexible bronchoscopy: from 19% to 89%, with the best results found in lobar atelectasis caused by a central mucous plug, and the worst in subsegmental atelectasis. Figure 2 shows the sequence of endoscopic images of a central mucous plug located in the right main stem (1,2,3) and its resolution with the aspiration through the suction channel (4,5,6). Marini et al compared the use of flexible bronchoscopy with intense respiratory physiotherapy for treating atelectasis and found no differences in either group, attributing, in this study, delayed resolution to the presence of air bronchograms in the chest x-ray (Marini, 1979) . 
Hemoptysis
Rigid bronchoscopy is the procedure of choice for acute life-threatening haemoptysis, defined as the expectoration of more that 600 ml of blood over a 48 hour period, or of 400 ml www.intechopen.com
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in 24 hours in an isolated episode. In patients with haemoptysis, flexible bronchoscopy is a useful tool for locating the point of bleeding and also for administering through the bronchoscopic channel cold saline solution and adrenaline 1:10000 to control haemorrhaging. Haemoptysis is one of the commonest situations for which emergency bronchoscopy is indicated.
In cases of life-threatening haemoptysis in intubated patients and in distal locations, flexible bronchoscopy has been shown to be useful, with reports of cases of unrelenting haemorrhage where the source of bleeding has been plugged using a Fogarty catheter placed through the aspiration channel of the endoscope (Gottlieb LS,1975) . Likewise, cases have been documented in which plugging was performed using the same technique described, but with a Swan-Ganz catheter. Flexible bronchoscopy can help position doublelumen endotracheal tubes for pulmonary isolation and selective ventilation in cases of massive unilateral haemoptysis. Recently a new way of administration of drugs has been described where a good response to intrapulmonary treatment with activated recombinant factor VII instilled through the channel of the bronchoscope in cases of diffuse alveolar haemorrhage has been documented (Heslet, 2006; Estella,2008) .
Chest trauma
Patients with chest trauma present potential risk of lesions of the bronchial tree. Sometimes several lesions are not clinically evident and flexible bronchoscopy may be indicated to explore the airway and respiratory tract. It can be useful in diagnosis by enabling direct endoscopic visualisation of tracheal lacerations, bronchial transection or lacerations at any point of the bronchial tree, haemorrhage, contusions of the mucous membrane or aspirated material.
Percutaneous tracheostomy control
Percutaneous tracheostomy is a simple bedside procedure frequently used in Intensive C a r e U n i t s , i t i s c o n s i d e r e d a s t h e a i r w a y m a n a g e m e n t o f c h o i c e f o r p a t i e n t s w i t h prolonged mechanical ventilation requirements. The procedure is associated with a low complication rate. It does have a few, but potentially life-threatening, complications like creation of a false airway, pneumothorax, subcutaneous emphysema, tracheoesophageal fistula. These complications are mainly associated with failure to visualise the area during the technique.
Bronchoscopic control with direct visualization minimises the complications associated with the procedure.It is recommended particularly in patients with anatomically difficult necks. Figure 3 shows the different steps of the percutaneous tracheostomy technique and their endoscopic visualization. 1: advancement of the needle until free withdrawal of air into the fluid filled syringe and bronchoscopic visualization confirming the entry of the needle and cannula into the trachea; 2: a) introduction of the guide-wire, b) predilation, passing of the pre-dilator over the guide wire penetrating soft tissues and tracheal wall; 3: tracheal dilation, advancing the guide wire dilating forceps over the guide wire and opening of the forceps to dilate tracheal wall in order to accept the tracheotomy tube; 4: tube insertion, endoscopic image of the advancement of the tracheotomy tube into the trachea. 
Management of difficult airway
The availability of flexible bronchoscopy in the Intensive Care Unit is essential for management of so called "difficult airways", although the indication is seen in fewer than 1% of all bronchoscopies performed in critically ill patients. This low percentage may be due to the fact that experience is required to perform the procedure and to the emergence of more easily managed devices for treatment of difficult airways, such as the Combitube, the laryngeal mask and Fastrack mask, which are increasingly used. Really, flexible bronchoscopy is a very useful tool for management of difficult intubation, usually caused by upper airway obstruction, anatomic disorders that reduce visibility of vocal cords and/or mobility of the head and neck like short neck, protruding incisor teeth or long high arched palate. Moreover in severe bleeding which makes laryngoscope intubation more risky, bronchoscopy is recommended. Finally it should be noted that bronchoscopyic endotracheal intubation is contraindicated in apnoeic patients. The oral route is preferred than nasal because of avoiding damage to the nasal mucosa and further nosocomial sinusitis. Moreover it allows intubation with an endotracheal tube with a larger diameter.
Other indication is for changing the endotracheal tube in patients with an expected difficult intubation. The new endotracheal tube is inserted over the bronchoscope and it is passed into the trachea by going outside parallel to the old endotracheal tube after deflation of the old endotracheal tube cuff.
Extracting foreign body
For extracting foreign bodies, the procedure of choice is the rigid bronchoscope, although flexible bronchoscopy using specialised instruments like hooks, Dormia baskets or biopsy forceps is also possible.
Other indications
A further use of flexible bronchoscopy is to correctly place double-lumen endotracheal tubes for selective ventilation in cases of massive haemoptysis or bronchopleural fistulas.
In patients who present with acute inhalation injury and burns flexible bronchoscopy is indicated to identify the anatomic level of the injury.
Assessment of glottis damage may be necessary in patients with prolonged mechanical ventilation.Flexible bronchoscopy is indicated to evaluate suspected neoplastic mass and for initiation of independent lung ventilation.
Complications of flexible bronchoscopy in mechanically ventilated patients
Taking into account recommendations commented in table 1 flexible bronchoscopy is an extremely safe procedure, if it is performed by a trained specialist.In mechanically ventilated patients it is easier to perform than in spontaneous breathing, as there is no upper airway to traverse. The risk of major complications in Intensive Care Unit is less than 1% and mortality related with the procedure is less than a 1%. Minor complications (table 4) have been associated with the procedure and occur in the first 24 hours within the procedure.
Cardiac arrhythmias, mainly supraventricular tachycardia are more like to occur in critically ill patients.Hypoxemia and insufficient sedation are associated with this complication and patients with cardiovascular disease are at highest risk for this complication.
Hypoxemia is common in mechanically ventilated patients undergoing flexible bronchoscopy, especially in patients with acute respiratory distress syndrome (ARDS).Continuous pulse oximeter during the procedure is recommended, and if a relevant decrease of oxygen saturation is observed the procedure must to be stopped.
Hypercapnia may be due to hypoventilation during the procedure and the monitoring of the tidal volume is necessary to ensure the maintenance of adequate ventilation; sedation and supplemental oxygen must be used with caution.
Bleeding of the mucous membrane occurs uncommonly during flexible bronchoscopy and is rarely harmful and usually transitory with spontaneous resolution.Patients with coagulation disorders or thrombocytopenia have high risk for bleeding. Transbronchial biopsy or brushing has more risk than bronchoalveolar lavage for bleeding with these conditions. Pneumothorax has been documented especially when a biopsy or brush is performed while with other procedures like bronchoalveolar lavage the incidence is less than 1% (Hertz MI, 1991).
Laryngospasm and bronchospasm rarely occurs after flexible bronchoscopy in mechanically ventilated patients.
Recently we have documented the effects in respiratory mechanics with bronchoscopic bronchoalveolar lavage in mechanically ventilated patients; we conducted a study in mechanically ventilated patients observing a transitory deterioration of the respiratory mechanics with a decrease of respiratory compliance and an increase in airway resistance ).
-Anesthesia-related problems.
-Cardiac arrhythmias Post-bronchoscopy complications.
Until now we have commented on complications during flexible bronchoscopy.
Complications developing in the hours after the procedure have been scarcely investigated in critically ill patients.
Post-bronchoscopy fever has not been much studied in mechanically ventilated patients, although its appearance has been reported in 16% of the patients ( Shennib H, 1996) . By contrast, in patients with spontaneous breathing this complication has been sufficiently documented as self-limited in 24 hours with an incidence between 6 to 19% of the cases. In a large series of 518 patients (Um SW,2004) , 5% had post-bronchoscopy fever.It was not demonstrated to be related with bacteremia. A significant increase of leukocytes and neutrophils were observed. The combination of leukocytosis, fever and negative blood cultures supports the theory that fever is due to a systemic inflammatory response; a possible mechanism involves the activation of lung macrophages on contact with the liquid instilled with the bronchoalveolar lavage, which causes a release of proinflammatory mediators into the circulation and thereby triggers a systemic inflammatory response. In mechanically ventilated patients complications in the hours following the procedure has been scarcely investigated. A rise in temperature three hours after and a significant decrease of the arterial pressure five hours after flexible bronchoscopy was documented in patients with pneumonia in a series of 34 procedures in 25 intubated patients (Pugin J,1992) . Only one study, (Bauer, 2001) , has investigated the cytokine inflammatory response after bronchoalveolar lavage in 30 mechanically ventilated patients. They did not find differences in cytokine concentrations 12 and 24 hours after the procedure.
Contraindications to flexible bronchoscopy in mechanically ventilated patients
With adequate training and experienced operators flexible bronchoscopy has few if any absolute contraindications. It is mandatory to have careful patient selection, identifying the situations in which the clinical conditions and/or haemodynamic status do not guarantee the completion of the bronchoscopy safely.The inability to adequately oxygenate or ventilate increase the risk of bronchoscopy in mechanically ventilated patients.The clinical conditions in which the risk in performing a flexible bronchoscopy is increased are cited in the table 5.
Conditions cited in table 5 are relative contraindications because if they are normalized flexible bronchoscopy can be performed.
Even in paralyzed patients increase of intracranial pressure occurs. In patients with increased intracranial pressure it is mandatory to perform the procedure with deep sedation and paralysis with muscle relaxation and continous monitoring of cerebral hemodynamics.
Endotracheal tube with an internal diameter less than 8 mm with a standard adult bronchoscope (5.8mm).
Presence of pneumothorax on chest radiograph.
Oxygen saturation below 90% with FiO2 of 1.
Active bronchospasm.
Severe acidosis, Ph<7,2.
Haemodynamic instability, defined by systolic blood pressure <90 mmHg despite vasoactive drugs.
Unstable arrhythmia.
Coagulation disorders with indications for brush or biopsy.
Increased intracranial pressure. Table 5 . Conditions of increased risk of bronchoscopy in mechanically ventilated patients.
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Although cardiac ischemia is supposed to increase the risk of flexible bronchoscopy there is no clear data in the literature supporting this consideration. In critically ill patients the risk for developing cardiac arrhythmias is increased.
Final considerations
Flexible bronchoscopy must be an essential piece of Intensive Care Unit equipment; it is a safe and useful procedure for the management of several pulmonary disorders in mechanically ventilated patients.
It is relatively easy to perform at the bedside and clinicians trained in its use are necessary in the Intensive Care Unit. This valuable procedure should be available to perform urgently for a wide range of therapeutic and diagnostic indications.
The following features attest to the increasing use of flexible bronchoscopy in mechanically ventilated patients: proven useful for a wide range of respiratory diseases in critically ill patients, easy to achieve at the bedside avoiding potentially dangerous transfers out of the Intensive Care Unit, relatively inexpensive clinical tool, demonstrated safely of the procedure described with careful preparation and close monitoring in selected patients and few relative contraindications.
